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ABSTRACT 


It  is  of  critical  importance  to  know  the  temporal  and  spatial  character 
of  the  isoplanatic  patch,  in  order  to  access  or  design  pre-  or  post-detection 
systems.  Here  we  report  on  progress  on  a system  that  uses  the  edge  of  the 
sun  as  an  extended  target  in  order  to  determine  the  daytime  spatial  and 
temporal  characteristics  of  the  isoplanatic  patch. 

The  system  described  uses  a pair  of  linear  diode  arrays  that  are  aligned 
along  solar  radii  at  points  that  cross  the  image  of  the  edge.  A description 
of  the  telescope  and  the  array  electronics  is  included. 
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INTRODUCTION 


The  central  problems  of  visible  space  object  identification  are  the 
elimination  of  the  disturbances  to  a telescopic  image  introduced  by  the  at- 
mosphere and  the  achievement  of  diffraction  limited  performance. 

In  the  mid-60s;  John  Goodman  demonstrated  that  aperture  plane  correc- 
tion could  remove  the  effects  of  a random  atmosphere  if  the  atmosphere  was 
sufficiently  close  10  the  telescope,  (Goodman,  J.  W. , "Restoration  of 
Atmospherically  Degraded  Images,  a Woods  Hole  Summer  Study,"  July  1966) . 
Since  then,  there  has  been  a great  deal  of  progress.  A group  at  Itek  has 
demonstrated  an  active  aperture  control  system  that  can  correct  a random 
atmosphere  created  by  a heat  source,  given  a suitable  reference  signal.  It 
is  clear  that  the  Itek  technique  can  be  extended  to  perform  the  aperture 
correction  for  a large  telescope,  and  that  if  the  random  atmosphere  satis- 
fies the  condition  that  it  is  sufficiently  close  to  the  aperture  plane,  dif- 
fraction-limited performance  can  be  achieved. 

The  critical  questions  then  reduce  to  the  actual  behavior  of  the  atmos- 
phere and  the  method  of  generating  or  the  method  of  deriving  a reference 
signal. 

The  diffraction-limited  imaging  program  has  two  major  requirements; 

o To  correct  the  atmospheric  point  spread  function  in  real 

time,  which  requires  real  time  detection  of  the  atmospheric 
point  spread  function. 

o To  obtain  and  quantify  the  diffraction-limited  images  in  a 
useful  form,  requiring  detecting,  recording,  storing,  and 
processing  of  the  diffraction-limited  images. 
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In  order  to  attack  requirement  number  one  in  on  efficient  manner , the 
effect  of  limitations  placed  upon  the  correction  system  by  the  etmosphere 
must  be  understood.  Since  the  early  '60s  a large  number  of  scientists  have 
been  analytically  attacking  the  problem  of  propagation  through  a turbulent 
atmosphere.  Mathematically,  the  general  transfer  problem  is  stated  as 

I ' ( C ,lD  = / A/  dxdy  I(x,y)  P(x,y,  t,T0  (l) 

where  I'(£,n)  is  the  image  actually  detected,  I(x,y)  is  the  perfect  image, 
P(X  y r ,n)  is  P°^-n^  spread  function,  and  A is  the  area  of  the  image. 
In  general  as  indicated  in  equation  (l) , the  PSF  will  vary  from  point  to 
point  in  the  Image  plane.  If  equation  (l)  is  -.Titten  in  discrete  form: 


M M 

= sr  i 


ij  ijmn  * 


where  the  real  and  detected  images  are  described  by  an  M x M matrix  and  the 

4 

point  spread  function  is  described  by  M matrix. 


Computationally,  the  general  problem  is  extremely  difficult  to  solve  and 
most  efforts  in  image  transfer  problems  have  attacked 

r ( t,TD  = fAf  fody  i(x,y)  p(x  -t  > y-il)  (3) 

The  point  spread  function  indicated  in  equation  (3)  retains  its  analytic 
form  over  the  entire  image.  It  is  called  the  spatially  invariant  point  spread 
function  (SIPSF) . If  the  transfer  problem  is  the  atmospheric  transfer  problem, 
the  area,  A,  over  which  equation  (3)  is  valid  is  called  the  isoplanatic  patch. 

A great  deal  of  mathematical  expertise  on  propagation  through  a random 
medium  has  been  built  up;  unfortunately,  however,  an  equally  impressive 
amount  of  experimental  results  are  not  available.  In  particular  it  is  not 
known  over  how  large  an  angle  in  the  sty  the  atmospheric  transfer  function  is 
the  same,  that  is,  the  size  of  the  object,  and  hence  the  image,  over  which  the 
short  term  point  spread  function  is  space  invariant  (STSIPSF).  Further,  since 
the  STSIPSF  region  size  is  not  known,  the  time  over  which  a single  realization 
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of  the  STSIPSF  exists  is  not  known  precisely.  However,  it  is  known  that 
the  time  scale  is  not  much  longer  than  l/50  second  and  the  angular  scale  is 
not  much  smaller  than  2 arc  seconds.  At  present,  work  is  underway  to  attempt 
to  determine  the  size  of  the  STSIPSF  for  horizontal  paths  during  day  and 
night. 


The  work  we  are  doing  attempts  to  measure  the  size  of  the  isoplanatic 
paten  by  studying  the  difference  between  the  intensities  recorded  from  pairs 
of  detectors  alligned  using  solar  radii  at  positions  that  cross  the  limb. 

By  varying  the  angle  between  the  radii  isoplanatic  angles  -p  to  32  minutes 
of  arc  can  be  compared.  Exposures  can  be  recorded  and  repeated  within  3 x 
10‘4  seconds.  The  detectors  are  256  element  linear  diode  arrays.  Hence,  the 
detector  geometry  is  fixed.  At  present,  we  plan  to  start  taking  data  in 
early  November.  In  the  sections  below,  the  optical  system  and  the  electron- 
ics is  described. 

Optical  Instrumentation 

The  telescope  designed  and  constructed  for  this  study  is  a 12-inch 
folded  refractor.  The  12-inch  diameter  objective  lens  has  a focal  length  of 
168  inches.  In  order  to  achieve  defraction  limited  results  the  surfaces  of 
the  BK-7  Schlieren  quality  Grade  A glass,  are  aspheric.  In  order  to  minimize 
temperature  induced  focus  shifts  and  obtain  the  highest  image  contrast,  It 
was  decided  to  use  a single  lens  objective.  Since  a single  lens  objective 
is  uncorrected  for  chromatic  aberration,  that  is  xo  say  all  colors  do  not 
come  to  the  same  focus,  a monochromatic  image  will  be  obtained  with  a <50 
angstrom  half  bandwidth  filter.  The  telescope's  primary  focal  length  of  168 
inches  produces  a solar  image  of  approximately  1.6  inches  which  can  be  in- 
creased as  much  as  5 times  with  secondary  enlarging  optics. 

Figure  1 is  a photograph  of  the  12-inch  telescope  taken  during  fabri- 
cation. 
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TABLE  1.  EXPLANATION  OF  NOTATIONS  IN  FIGURE  1 


12-inch  diameter  objective  lens  with  a l68  inch  focal  length 

Enlarging  lens  6-inch  focal  length  can  enlarge  primary  image 

2 to  5 times 

Primary  focus  position 

Enlarged  image  position  at  which  diode  array  will  be  placed 
Auxiliary  beam  primary  focus  position 

First  beam  folding  flat  mirror  8-inch  diameter.  Front  surface 
has  dielectric  coating  which  reflects  useful  wavelengths  and 
allows  much  of  the  non-useful  radiant  energy  to  pass  out  through 
the  back  of  the  telescope. 

Second  beam  folding  flat  mirror  8-inch  diameter. 

Third  beam  folding  mirror,  6-inch  diameter,  can  be  flipped  45° 
in  order  to  either  allow  beam  to  reach  F1&  and  thus  the  diode 
array,  or  Flb  auxiliary  focus  position. 


‘ 


Four  doors,  two  of  which  are  open  in  the  photograph,  give  complete 
accessibility  to  the  interior  of  the  telescope. 

Figure  2 is  an  optical  schematic  of  the  12-inch  telescope.  Table  1 is 
a complete  explanation  of  notations  in  Figure  2.  In  order  to  keep  the 
length  of  the  telescope  manageable,  the  optical  path  is  folded  by  two  8-inch 
mirrors,  designated  and  M^.  Folding  the  telescope  decreases  its  total 
length  from  nearly  18  feet  to  a far  more  manageable  10.5  feet.  The  main 
optical  beam  can  be  further  diverted  by  mirrors  R.  and  to  an  auxiliary 
position.  The  auxiliary  position  increases  the  flexibility  of  the  system  by 
providing  a possible  test  bed  for  experimentation  and  instrumentation  develop- 
ment. 


The  main  body  of  the  telescope  is  aluminum  plate,  the  outside  of  which 
will  be  coated  with  a paint  containing  a high  proportion  of  white  titanium 
dioxide  pigment  for  maximum  reflection  of  incident  sunlight.  This  paint 
helps  to  minimize  internal  telescope  heating  which  can  deteriorate  optical 
performance.  It  can  be  seen  by  the  nature  of  this  experiment  that  negligible 
seeing  effects  inside  the  telescope  housing  must  be  maintained. 

All  interior  surfaces  will  be  lined  with  polyurethane  insulation  and  the 
30- inch  snout,  projecting  from  the  front  of  the  main  body,  which  contains  the 
objective  lens,  is  further  insulated  on  its  outside  surface. 

The  front  of  the  main  body  is  shielded  from  direct  sunlight  by  a -thin 
sheet  of  aluminum  mounted  on  2- inch  plastic  standoffs. 

Since  a major  source  of  image  distortion  is  the  hot  solar  beam  itself, 
a large  portion  of  this  raJ.ant  energy  will  be  passed  right  through  the  tele- 
scope by  means  of  a dielectric  coating  on  the  first  mirror  (M^).  Useful 
wavelengths  will  be  reflected  to  the  diode  array  and  as  much  unwanted  radia- 
tion as  possible  will  pass  through  and  out  the  back  of  the  telescope. 
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Sane  of  the  basic  telescope  optical  characteristics  are  given  in  Table 
2,  along  with  the  image  scale  and  effective  focal  ratio  obtained  with  image 


magnification  ranging  from  1 to  5. 

Since  several  diode  arrays,  consisting 

256  individual  silicon  elements  each  approximately  0.001-inch  square, 

«rill 

used  in  this  study,  image  scale  in  Table  2 is  given  in  seconds  of  arc 

per 

0.001  inch. 

TABLE  2 

Telescope  Objective: 

12-inch  Diameter  Aspheric  Singlet 

Focal  Length: 

168.5  inches 

Focal  Ratio: 

f/l4 

Primary  image  scale: 

1224  seconds 

of  arc  per  inch 

Magnification  Effective 

of  Focal 

Prime  linage  Ratio 

Image  Scale  in  Second 
of  Arc  per  Diode 
Array  Element  * 

1.0 

14 

1.22 

1.5 

21 

0.82 

2.0 

28 

0.6l 

2.5 

35 

0.49 

3.0 

42 

0.4l 

3.5 

49 

0.35 

4.0 

56 

0.31 

4.5 

63 

0.27 

5.0 

70 

0.24 

* ,001  inch 
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Electronic  Instrumentation 


The  instrumentation  for  this  experiment  can  be  conveniently  viewed  as 
consisting  of  four  parts:  (l)  sensor,  (2)  signal  processor , (3)  control  logic, 
and  (4)  interface.  Figure  3 ii  & block  diagram  of  the  electronic  instrument- 
ation. 

There  are  two  sensors,  each  consisting  of  a 256  element  photodiode  array, 
associated  drive  circuitry  and  output  amplifiers  mounted  on  a single  small 
printed  circuit  board.  Fabrication  of  these  circuit  boards  is  nearly 
complete.  The  output  of  each  sensor  is  a series  of  analog  pulses  which  is 
fed  into  the  signal  processor. 

In  the  signal  processor  each  pulse  is  sampled  at  its  beginning  and  at 
its  peak  by  very  high  speed  sample  and  holds.  The  outputs  of  these  sample 
and  holds  axe  fed  into  differential  amplifiers  and  thus  produce  an  analog  sig- 
nal proportional  to  the  amplitude  of  the  pulses  but  relatively  insensitive  to 
noise  at  the  input.  The  last  stage  of  the  signal  procesror  consists  of  a 
pair  of  high  speed  analog  to  digital  converters  which  convert  the  analog  data 
Into  10  bit  words.  The  design  of  this  part  of  the  system  is  complete  and 
fabrication  awaits  only  the  delivery  of  the  A/D  converters  from  the  manu- 
facturer. 

The  control  logic  provides  the  proper  timing  signals  to  the  other  parts 
of  the  systems.  This  circuitry  consists  of  a mixture  of  ordinary  and  high- 
speed t^L  logic  and  will  be  fabricated  in  conjunction  with  the  signal  pro- 
cessor. The  design  of  this  circuitry  is  essentially  complete. 

The  output  of  each  A/D  converter  is  a 10  bit  parallel  word  which  is 
converted  by  the  interface  circuitry  into  serial  data  and  transmitted  via 
coaxial  cable  from  the  telescope  to  a FDP  11-45  computer.  At  the  computer 
the  data  is  converted  back  into  parallel  form  and  fed  directly  into  memory 
via  a DR-11B  computer  interface.  Design  of  the  interface  circuitry  is 
complete  and  fabrication  is  in  process. 
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The  design  of  this  system  includes  provision  for  the  use  of  a second 
type  of  signal  processing  should  this  prove  necessary.  This  second  type  of 
processing  involves  integrating  each  analog  pulse  before  it  is  sampled. 


The  overall  speed  of  the  system  is  such  that  data  is  produced  as  fast  as 
it  can  be  transferred  into  memory  (approximately  1 MHs  word  rata).  Provision 
is  also  being  made  for  using  8 bit  instead  of  10  bit  words.  This  would 
effectively  double  the  speed  of  the  system  at  seme  cost  of  accuracy. 
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